© 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 241 611 

A1 



© 



© Application number: 86302927.8 
<§) Date of filing: 18.04.86 



EUROPEAN PATENT APPLICATION 

© Int. CI.": G01N 33/48 , G01N 35/00 



© Date of publication of application: 


© Applicant: ALLELIX INC. 


21.10.87 Bulletin 87/43 


6850 Goreway Drive 


© Designated Contracting States: 


Mississauga Ontario, L4V P1L(CA) 


© Inventor: Chandler, Howard M. 


AT BE CH DE FR GB IT LI LU NL SE 




Maple Ridge Farm R.R. 1, Orton 




Ontario L0N 1NO(CA) 




© Representative: Smith, Norman Ian et al 




F.J. CLEVELAND & COMPANY 40-43 




Chancery Lane 




London WC2A 1 JQ(GB) 



© Device for performing chemical or immunochemical assays. 



© The invention provides a device for performing 
chemical or immunochemical assays quickly and on 
site. The device comprises a plastic molded body 
(10) which may be miniaturized. The device is pro- 
vided with a plurality of tubes (12-18) for containing 
assay reagents, a small bore tube (11) in which the 
assay is carried out, a sample tube (12), and conduit 
and valve means from the various tubes to the assay 
tube. The device is insertable into a programmable 
apparatus which controls the flows of the various 
reagents through the assay tube by means of plung- 
ers (50) acting on pistons (25, 43) located in each 
reagent tube. 
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DEVICE FOR PERFORMING CHEMICAL OR IMMUNOCHEMICAL ASSAYS 



DESCRIPTION 

The present invention relates to a device for 
rapidfy performing quantitative or qualitative chemi- 
cal or immunochemical assays which preferably 
makes use of available miniaturization and com- 
puter technologies to provide an inexpensive and 
automated assay system. 

The preferred device is in the form of a plastic 
chip insertable into a programmable operating and 
analyzing apparatus. The device allows for the per- 
formance of assays on the spot thereby rapidly 
providing data, for example, to a physician for 
diagnostic purposes. 

Presently, most assays in the form of medical 
testing or otherwise, are performed in central lab- 
oratories to which test samples are sent Such 
assays generally are conducted in accordance with 
a batch system whereby relatively large volumes of 
special reagents and frequently complex and ex- 
pensive apparatus are used. Thus, the cost of 
obtaining assay data is generally increasing while 
the time required to obtain that data is not decreas- 
ing. 

At present day medical care in particular is 
relying increasingly on analytical data from patient 
testing to arrive at a proper diagnosis and course 
of treatment, it is becoming ever more important to 
be able to provide reliable test data on the spot. 

In other circumstances where assay data is 
needed, such as agricultural testing for pesticide 
residues, the need for quick and reliable results 
cannot be addressed by conventional centralized 
methods. Therefore, by providing a small and sim- 
ple device enabling the performance of on site 
assays, the present device represents a significant 
advance in the art. 

The operating and analyzing apparatus asso- 
ciated with the present device comprises a prog- 
rammable minicomputer of a size to be conve- 
niently portable. The analyzing apparatus may be 
capable of performing several assays simulta- 
neously. This apparatus represents a fixed cost to 
the user, and it is anticipated that the extremely 
low cost of supplying the device of the invention 
will enable the user to perform a quick assay at a 
fraction of the cost for the same test performed 
presently at a central testing laboratory. 

Accordingly, the present invention provides a 
device for performing quantitative or qualitative 
chemical and immunochemical assays comprising 
a body having a planar front surface, and the body 
defining therein a test sample tube, a plurality of 
reagent tubes, and an assay tube. Each of said 



tubes has an opening at the front surface of the 
body, and the sample and reagent tubes also have 
an opening at the rear of the body. The assay tube 
has a discharge opening. The front surface of the 

5 body has one or more grooves therein for connect- 
ing the openings of the sample and reagent tubes 
to the opening of the assay tube. A thin sheet of 
resilientiy flexible material is affixed to the front 
surface of the body and coacts with the one or 

io more grooves therein to provide a conduit system 
through which the fluid contents of the sample and 
reagent tubes may flow. Valve means which may 
be formed integrally with the sheet affixed to the 
front surface of the body coact with the opening for 

is the sample tube and at least some of the openings 
for the reagent tubes for directing the flow of fluid 
from said tubes therebetween and through the as- 
say tube in the manner and sequence required to 
perform the assay. Pistons are slidably disposed in 

20 the sample tube and reagent tubes for forcing fluid 
therefrom into the conduit. 

A description of a preferred embodiment of the 
invention follows with reference being made to the 
drawings in which: 

25 Rgure 1 is a perspective and partially ex- 

ploded view of the assay device, the sample sy- 
ringe and the protective clip; 

Rgure 2 is a sectional view taken along line 

2- 2 in Fig. 1; 

30 Rgure 3 is a sectional view taken along line 

3- 3inRg. 1; 

Rgure 4 is a sectional view taken through 
the sample tube along line 4-4 in Rg. 1; 

Rgure 5 is a sectional view taken through 

35 the coating solution tube along line 5-5 in Rg. 1; 

Rgure 6 is a sectional view taken through 
the assay tube along line 6-6 in Rg. 1; and 

Rgure 7 is a sectional view of the device 
taken along line 7-7 of Rg. 1. 

40 The preferred device of the invention com- 

prises a body 10 preferably molded from a suitable 
plastic, which may be polystyrene or polyvinylch- 
ioride into which is formed an assay tube 11 (Rg. 
7) and a plurality of reagent tubes 12-18. The 

45 number and configurations of the reagent tubes will 
vary depending on the requirements of the particu- 
lar assay being performed, and it shoufd be under- 
stood that the configuration hereinafter described 
pertains to a device for conducting a specific assay 

so and for illustrating the general principles of the 
invention. 

The device 10 as shown in the drawings is 
designed to perform an assay for the presence of 
human chorionic gonadotropin (HCG) in urine or 
blood. This is a common assay for determining 
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pregnancy. The immunological assay for HCG 
makes use of the antigenic nature of HCG by 
detecting the capture of HCG of the antibody spe- 
cific therefor, i.e. anti-HCG. In the present device 
10, the inner surface of the assay tube 11 is 
provided with a coating of anti-HCG bonded there- 
to. A sample of blood or urine to be assayed is 
passed through the assay tube 11 and if HCG is 
present, a portion of it will bond to or be captured 
by the anti-HCG. To determine if any HCG has 
bonded to the anti-HCG in the tube 1 1 , a solution 
containing anti-HCG to which has been bonded an 
enzyme (anti-HCG/enzyme conjugate) is passed 
through the assay tube 11 and if HCG has been 
captured therein, the antibody portion of the con- 
jugate will bind to a portion of the HCG present. 
Finally a substrate for the enzyme portion of the 
conjugate is introduced into the assay tube 1 1 , and 
if there is enzyme present, the substrate will be 
metabolized by the enzyme and the metabolic pro- 
ducts can be detected usually by colorimetric 
means. 

The structure of the present device 10 is de- 
signed to provide reservoirs for the test sample 
and reagents needed for the assay as well as valve 
and conduit means for directing the sequential flow 
of fluids through the assay tube 11. The tube 12 
(Figs. 1 and 7) is for the test sample, while the 
remaining tubes 13-18 are for various reagents 
required to carry out the assay. 

The flow of liquids from the tubes 12-18 
through the assay tube 11 is accomplished by 
means of a channel 20 formed in the front face 21 
of the device 10 (see Fig. 2). The channel 20 forms 
a conduit for the flow of liquids by the addition of a 
thin resiliently flexible sheet 23 affixed to the front 
face 21. The sheet 23 is preferably made of a 
plastic material. The liquids are forced from the 
tubes 12-18 by means of piston 43 (tube 12) and 
pistons 25 (tubes 13-18) inserted therein from the 
rear ends thereof at the time the tubes 12-18 are 
filled. 

Valve means for the flow of liquids from the 
various tubes 12-18, along the channel 20 and then 
through the assay tube 11, is provided by 
frustoconically shaped plugs 30 which may be 
formed integrally with the plastic sheet 23 and 
which fit into frustoconical outlets 31 at the front 
ends of the appropriate tubes (in the device shown, 
tubes 12, 13, 14, 16 and 18). These plugs 30 seal 
the outlets 31 , but are easily displaced by pressure 
being applied to the piston 25 in the tube to allow 
liquid to flow from the tube into the channel 20. 

For the disposal of liquids which have passed 
through the assay tube 11, the device 10 is pro- 
vided with a waste reservoir 35 defined on five 
sides by the body of the device 10 itself and on 
the sixth side comprising the bottom thereof, the 



reservoir is provided with a flexible plastic mem- 
brane 36. The membrane 36 can be attached to 
the bottom of the device 10 so as to form a 
concave wall thereby reducing the volume of the 
s unused reservoir 35. Upon the entry of liquids into 
the reservoir 35, the membrane 36 can expand to 
accommodate the additional volume. By this ar- 
rangement there is no need to provide a vent for 
the reservoir 35. 

w The present device 10 is designed to take 

advantage of the benefits derivable from miniaturiz- 
ing the assay system. These benefits include lower 
cost of reagents needed to perform the assay and 
easy portability of assay system. The dimensions 

75 of the device shown for conducting a pregnancy 
test may be as little as about 20 mm x 20 mm x 4 
mm, and in a preferred embodiment the sample 
and reagent tubes each define a volume of about 
50u I. The sample tube 12 for a device of this size 

20 is provided with 50u I of blood or urine by means 
of a microsyringe 40 insertable into the rear end 41 
of the tube 12. The syringe 40 receives the test 
sample by capillary action. The syringe 40 is pro- 
vided with a notch or slot 42 in the inner wall 

25 thereof to cause the take up of sample by capillary 
action to stop at the desired volume, e.g. 50u I. 
The syringe 40 is provided with a piston 43 and a 
plunger 44 not attached to the piston 43. The bore 
diameter of the syringe 40 is the same as that of 

30 the sample tube 12. The outlet end 46 of the 
syringe 40 fits into the rear end 41 of the tube 12 
and the test sample along with the piston 43 are 
inserted into the tube 12 by means of the plunger 
44 which is long enough to just insert the piston 43 

35 into the end of the tube 12. The air displaced from 
the tube 12 vents past the conical plug 30 in the 
outlet 31 and through the assay tube 11 to the 
waste reservoir 35. 

The tube 13 is provided with 50u I of a first 

40 wash solution, tube 14 contains 20u. I of the 
antibody/enzyme conjugate solution, and the small 
tube 15 contains an antibody coating solution for 
the wall of the assay tube 11. The tube 16 has 50u 

I of a second wash solution, tube 17 contains a 
45 small amount of powdered enzyme substrate 53, 

and the final tube 18 contains a solution into which 
the substrate in tube 17 will be dissolved. This 
latter solution also contains an indicator for* detect- 
ing the presence of enzyme metabolites. 

50 The method by which the tubes 13-18 are filled 

and the pistons 25 inserted is well established in 
the art. It should be noted that the tube 15 for the 
coating solution is not plugged at its outlet. Thus, 
upon filling of the tube 15 the piston 25 is inserted 

55 and displaced toward the outlet end of the tube 15 
causing coating solution to flow into the assay tube 

II via the channel 20. This filling procedure then 
provides the mechanism for filling the assay tube 
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11 with the antibody, antigen or hapten which it is 
desired to become bound to the inner surface of 
the assay tube 11. At a subsequent time, the filling 
of the sample tube 12 by means of the syringe 40 
will cause the air being displaced from the tube 12 
to flush out any coating solution remaining in the 
assay tube 11. 

The operation of the assay is automatically 
performed by inserting the device 10 having the 
sample in the tube 12 into a pre-programmed op- 
erating and analyzing apparatus (not shown) having 
pins 50 which act as plungers for the pistons 25 
and 43 to cause the various solutions to pass from 
the tubes 12-18 through the assay tube 11 at the 
rate and in the sequence desired. An additional pin 
51 is provided at the front of the device 10 to 
interact with the plug 30 in the tube 16 for the 
valving purpose described below. 

Upon activation of the assay program, which in 
this case would be for HCG assay in blood or 
urine, the plunger pin 50 for the tube 12 causes the 
sample liquid to flow slowly through the tube 11. 
As mentioned, pressure from the piston 43 causes 
the plug 30 at the outlet 31 of the tube 12 to come 
unseated thereby allowing the sample liquid to flow 
into the channel 20 and through the assay tube 11. 
To ensure that the sample liquid does not flow past 
the entry to the assay table 11 and possibly con- 
taminate the reagents in tubes 16-18, the pin 51 
engages the plug 30 at the outlet 31 of the tube 16 
thereby positively blocking the channel 20 at that 
point 

The flow of sample through the assay tube 11 
should proceed for approximately one minute. The 
reaction between the antibody attached to the tube 
wall and the antigen in the sample is diffusion 
controlled. By continuously bathing the attached 
antibody with a flow of sample, the reaction rate is 
optimized and the sensitivity of the assay thereby 
much increased over that possible with a standard 
static incubation type assay. This continuous flow 
technique takes advantage of the principles of affin- 
ity capture and reactant concentrations to optimize 
the reaction kinetics at the wall of the assay tube 
11. 

While the sample is flowing through the assay 
tube 11, and with the pin 51 engaging the plug 30 
at the outlet of tube 16, the pin 50 for the tube 18 
is activated to force the solution from the tube 18 
into the tube 17 which contains the powdered en- 
zyme substrate 53. For the HCG assay, the pre- 
ferred enzyme label is urease and the substrate in 
tube 17 is therefore urea. The urea is maintained in 
a powdered and dry state in the tube 17 until near 
the time it is to be used in the assay so that the 
purity of the urea is ensured. Urea maintained in 
solution gradually hydrolyses, so use of dry urea in 
the device provides a much longer shelf life. The 



urea readily dissolves in the aqueous solution intro- 
duced into the tube 17, and the solution also con- 
tains an indicator for the degradation products of 
urea, i.e. C0 2 and NH 3 . The liberation of NH 2 by the 

5 action of urease on urea causes a rise in the pH of 
the aqueous solution which may be detected by a 
pH indicator such as bromthymol blue. 

When the piston 25 in the tube 12 is fully 
depressed, the pin 50 for the tube 13 rapidly 

70 pushes the piston 25 through the full length of the 
tube 13 expelling the first wash solution through 
the assay tube 11 and into the waste reservoir 35. 
The enzyme/antibody conjugate solution in the 
tube 14 is then slowly forced through the assay 

is tube 11 by the pin 50 and piston 25 for the tube 
14. The flow of conjugate solution should proceed 
for at least one minute to ensure reaction with any 
captured HCG at the tube wall. Once again, this 
continuous flow procedure provides much im- 

20 proved reaction kinetics at the wall of the assay 
tube 11 for the reasons explained above. 

The pin 51 sealing the tube 16 is at this point 
retracted and the second wash solution in tube 16 
is forced through the tube 11. This wash is foi- 

25 lowed immediately by the flow of substrate solution 
from the tube 17. 

The assay tube portion of the device 10 is 
provided with notches 55 and 56 above and below 
a portion thereof (see Figs. 1 and 3). These 

30 notches 55 and 56 are to locate the optical heads 
of the coiorimetry instrument (not shown) which are 
used to monitor the change in optical density. The 
rate of optical density changes for the test sample 
is compared to that of reference standards which 

35 may be run simultaneously or stored in memory to 
provide a quantitative result for the assay. Measur- 
ing the rate of color development, rather than tak- 
ing a single O.D. reading, should enable more 
accurate quantitation of results as errors caused by 

40 optical flaws or variations in the plastic used will be 
eliminated. 

For protection of the device 10 during storage 
and transportation, a protective clip 60 may be 
provided as shown in Fig. 1. The clip 60 has sides 

45 61 which cover the front and rear surfaces of the 
device 10. The dip 60 is held in place about the 
device 10 by means of ribs 62 on the sides 61 
which engage complementary grooves 63 in the 
body of the device 10. The clip also holds the 

so plugs 30 and pistons 25 in place thus preventing 
exchange or cross-contamination of reagents. 

While the preferred embodiment described re- 
lates to the performance of an assay for HCG in 
blood or urine, it should be understood that the 

55 principles of the invention are of general application 
to a large number of immunological and chemical 
assays which may be carried out by the present 
device suitably adapted for the particular purpose. 
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Claims 

1. A device for performing quantitative or quali- 
tative chemical and immunochemical assays com- 
prising: 

a body having a planar front surface and a rear 
surface, the body defining therein a test sample 
tube, a plurality of reagent tubes, and an assay 
tube having an inner surface each of said tubes 
having an opening communicating with the front 
surface of the body, each of the sample and 
reagent tubes also having an opening communicat- 
ing with the rear surface of the body and the assay 
tube having a discharge opening, the front surface 
of the body having one or more grooves therein for 
connecting the openings of the sample and reagent 
tubes that communicate with the front surface of 
the body to the opening of the assay tube at the 
front surface of the body; 

a thin sheet of resiliently flexible material being 
affixed to the front surface of the body coacting 
with the one or more grooves therein to provide a 
conduit system through which fluid contents of the 
sample and reagent tubes may flow; 
valve means coacting with the opening of the sam- 
ple tube at the front surface of the body and at 
least some of the openings of the reagent tubes at 
the front surface of the body for directing the flow 
of fluids from said tubes therebetween and through 
the assay tube in a manner and sequence required 
to perform an assay; and 

pistons slidably disposed in the sample tube and 
reagent tubes for forcing fluid therefrom into the 
conduit system. 

2. A device as claimed in claim 1, further 
comprising a waste reservoir defined by the body 
on all but one side, which one side is provided by 
a thin flexible membrane attached to the body, the 
reservoir communicating only with the discharge 
opening of the assay tube. 

3. A device as claimed in claim 2, wherein the 
flexible membrane is provided on the body so as to 
form a concave wall for the reservoir which can 
expand outwardly to accommodate fluids being de- 
posited in the reservoir. 

4. A device as claimed in claim 1 , wherein the 
body is made of a plastic material. 

5. A device as claimed in claim 4, wherein the 
plastic is polystyrene. 

6. A device as claimed in claim 4, wherein the 
plastic is polyvinylchloride. 

7. A device as claimed in claim 1 , wherein the 
valve means comprise frustoconical plugs inser- 
table into frustoconical openings of the sample and 
selected reagent tubes. 

8. A device as claimed in claim 1 , wherein the 
valve means are formed integrally with the sheet 
affixed to the front surface of the body. 



9. A device as claimed in claim 1, further 
comprising a protective and sealing clip for cover- 
ing the front and rear surfaces of the body during 
storage and shipping thereof. 
5 10. A device as claimed in claim 1, wherein the 

sample and reagent tube each define a volume of 
about 50u I. 

11. A device as claimed in claim 1, further 
comprising a syringe for collecting and depositing 

io a sample liquid to be tested into the sample tube 
of the device, the syringe comprising a body hav- 
ing a bore defined therethrough, a piston slidably 
disposed in the bore, a plunger for sliding a piston 
within the bore, and a longitudinal groove in the 

15 wall of the body defining the bore extending from 
the plunger entrance end thereof. 

12. A device as claimed in claim 11, further 
comprising an outlet shaped to fit snugly within the 
rear end of the sample tube of the device, the bore 

20 diameter of the syringe and sample tube being 
equal, and the syringe plunger being of sufficient 
length to transfer the piston from the syringe to the 
rear end of the sample tube. 

13. A device as claimed in claim 1, further 
25 comprising notches in the body above and below a 

portion of the assay tube, said notches providing 
access for detection means for measuring a param- 
eter associated with contents of the assay tube 
thereby providing assay results. 
30 14. A device as claimed in claim 1, wherein the 

assay tube is coated on its inner surface with an 
antibody, antigen or hapten. 

15. A device as claimed in claim 14, wherein 
said antibody, antigen or hapten is bonded to the 

35 inner surface of the assay tube. 

16. A device as claimed in claim 1, wherein 
one of said plurality of reagent tubes has an open- 
ing communicating with the front surface of the 
body that provides direct communication with the 

40 assay tube via the conduit system, said reagent 
tube containing an antibody, antigen or hapten so- 
lution for coating the inner surface of the assay 
tube. 

17. A device as claimed in claim 13, wherein 
45 the detection means measures the rate of change 

of optical density of the contents of the assay tube. 
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